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PILOT/VEHICLE MODE 
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OPTIMAL CONTROL MODEL OF PILOT/VEHICLE SYSTEM 


frOO-68 
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LINMOD: LINEAR PERSPECTIVE CUES 


o PILOT’S VIEW DURING LANDING APPROACH 


RUNWAY 

EDGE 



\ 


04 

O 

o 

l 

O' 

CD 


o LINEAR PERSPECTIVE CUES 


- Length 

- Orientation: 

- Location 


scalar $ , angular units 

scalar v , angular units wrt observer reference 
vector (^»*?), angular units specifying 
midpoint LOS 


o MODELING REQUIREMENTS 

- How does change in vehicle state (position/attitude) relate to 
change in cues? 


- Find 


Y vis S = f(*> + Y y 

& 
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TEXMOD: TEXTURAL FLOW-FIELD CUES 
o PILOTS VIEW DURING TF/TA 


dynamic 

o AIMPOINT AND SPIN AXIS ESTIMATION 





translation rotation 

o MODEL OUTPUTS 

- Aimpoint 

- Angular velocity 

- Impact time map 

- Relative orientation 
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SIMPLE TERRAIN CUEING: TASK DESCRIPTION 
o TASK: Altitude regulation against vertical gust 
o DYNAMICS: 

- Gust : First Order Dryden, BW = 12 rad/s 

- Vehicle: F-16 at SL, 400 kts, SAS-augmented 


o DISPLAYS: 



R: roadway T: texture RT: roadway l 

TEXTURE 


o DISPLAY VARIABLES 

- Roadway-only: (0,0) from roadway 

( 0 ,q) from horizon 

- Texture-only: (h, 7 > from textural flow 

( 0 ,q) from pseudo-horizon 

- Combined RT: ( 0 , 0 ,h, 7 , 0 ,q) 

o VISUAL CUE THRESHOLDS 

( 0 f 0 )t h t from acuit y estimates 

(h.-y) from textural flow model 
v ' 7 'th 

o REFERENCE: WARREN & RICCIO (85); ZACHARIAS, WARREN 

& RICCIO (86) 
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ALTITUDE ERROR (FT) 


SIMPLE TERRAIN CUEING: DATA & MODEL 


o PERFORMANCE SCORES 
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Model 


Data mean + SD 


a c B D 


(A,C) - Low Gain Display 
(B,D) - High Gain Display 


o PILOT FREQUENCY RESPONSE (stick/error) 



Condition B: 
High Gain 
Small Angle 
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PILOT MODEL PARAMETERS FROM DATA ANALYSIS 


• DISPLAY VARIABLES 


- ROADWAY-ONLY: 

(e e ,6 e > 

FROM ROADWAY 


(e,q) 

FROM HORIZON 

- TEXTURE-ONLY: 

(Vy) 

FROM TEXTURAL FLOW 


(0^q) 

FROM PSEUDO-HORIZON 

- COMBINED RT : 


h e ; Y, By q) 


• ATTENTION ALLOCATION 

70% on horizon; 30% on roadway/texture 

t VISUAL CUE THRESHOLDS 

(B e , 6 e ) t h & (9,q) th FROM ACUITY ESTIMATES 

(h e' y) th FR0M TEXMOD SIMULATIONS 

• OBSERVATION NOISE RATIO: - 18dB 

• MOTOR PARAMETERS 

- TIME CONSTANT: 0.2s — 0.4s 

- MOTOR NOISE ! "40dB "50dB 

t CENTRAL DELAY: 0.15s 
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PILOT MODEL PARAMETER VALUES FROM DATA ANALYSIS 


DISPLAY TYPE 


PARAMETER 

UNITS 

ROADWAY 

(R) 

TEXTURE 

(T) 

COMBINED 

(RT) 

MOTOR TIME CONSTANT x 





L' W GAIN 

( A, C ) 

SEC 

0.30 

0. A0 

0.30 

HIGH GAIN 

(B,D) 

SEC 

0.20 

0.35 

0.20 

MOTOR NOISE 






MOTOR NOISE, 

MN 

dB 

-50 

-50 

-50 

PERCEIVED MOTOR NOISE, PMN 

dB 

-50 

-40 

-50 

PROCESSING TIME 

DELAY t d 

SEC 

0.15 

0.15 

0.15 

PERCEPTUAL NOISE 

LEVEL P Q 

dB 

-18 

-18 

1 

-18 

ATTENTION ALLOCATION 





HORIZON 

( 0,q) 

-- 

0.70 

0.70 

0.70 

ROADWAY 

( Be'*e ) 


0.30 


0.15 

TEXTURE 

<h e ,Y) 

-- 


0.30 

0.15 

VISUAL CUE THRESHOLDS 





HORIZON 

(e th^th ) 

/ O O / k 

( , /s) 

(1, .28) 

(2,. 56) 

(1, .28) 

ROADWAY 


(°,°/s) 

(M) 


(*,1) 

TEXTURE 

(h th'W 

(ft, °) 


(**,2) 

(**,2) 

* 8 th 

= ( 90 6 )/6 

a 


= 

n th 

= 0.3h 

a 
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SIMPLE TERRAIN CUEING: EXPERIMENTAL RESULTS & MODEL FINDINGS 
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Roadway-only well-modeled by simple linear cue model 
Texture-only modeled by TEXMOD-generated thresholds & increased 
motor time constant 

Combined roadway-texture is dominated by roadway cues 



SCENE GENERATOR DELAYS: TASK DESCRIPTION 

o TASK: FLY STRAIGHT & LEVEL AGAINST VERTICAL/LATERAL 
GUSTS 



o VISUAL SCENE 



o REFERENCE: RICCIO, CRESS, AND JOHNSON (87) 
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SCENE GENERATOR DELAYS: MODEL ANALYSIS 


o TASK OBJECTIVE 

2 

- Longitudinal subtask: minimize 

2 2 

- Lateral subtask: minimize (o^ + ko^) 

o DYNAMICS MODEL 

- Linearized F16 6 DOF dynamics 

- Sea level, 400 kts, SAS-on 

o DELAY MODEL 

Pade approximations to: 50, 100, 200, 400 msec delays 

o DISPLAY ANALYSIS 

- Meridian texture: (0#h) & 

- Latitude texture: (0»h) & (0*^*) 

- Flow-field cues: rates of above 

- Attention allocation set to optimize performance 

- Thresholds set to zero 

o NON-DISPLAY PILOT PARAMETERS 

Fixed across conditions, except for increasing delay 
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DELAY EFFECTS ON PERFORMANCE: DATA & MODEL 



0 100 200 300 400 

TIME DELAY (ms*c) 
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DELAY EFFECTS ON PILOT FREQUENCY RESPONSE: DATA & MODEL 
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FREQUENCY (RAD/SEC) FREQUENCY (RAD/SEC) 
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Obtained with fixed model parameters, except for increasing pilot delays 



COCKPIT DISPLAY DESIGN: TASK DESCRIPTION 


TASK: LOW-LEVEL TERRAIN-FOLLOWING AT CONSTANT 
HEADING 

DYNAMICS: 

- Terrain: Second order matched terrain spectra 

- Terrain-following guidance: Low order predictor 

- Vehicle: B- 1 B at SL, Mach 0.85, SAS-augmented 

DISPLAY 



DIRECTOR LAW 


- Law: 9 


Cd 


= a ♦ 7 .- - k 

'dfp 


error 


Optimize director gain k 
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COCKPIT DISPLAY DESIGN: MODEL-BASED PROCEDURE 


o CONDUCT PILOTED SIMULATION TO IDENTIFY BASELINE PILOT 
PARAMETERS 


o SWEEP THRU DIRECTOR GAINS TO IDENTIFY OPTIMUM CHOICE 


o CONFIRM CHOICE WITH SIMULATION USING OPTIMIZED 
DIRECTOR 


o PRELIMINARY MODEL/DATA COMPARISONS (SINGLE SUBJECT) 
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FREQUENCY (RAD/SEC) 








BASELINE PICTORIAL GUIDANCE DISPLAY 


o DISPLAY FORMAT 



o KEY FEATURES 

- Perspective view of TP & DFP overlaid on artificial 

horizon 

- Artificial horizon gives attitude 

- DFP-centered tunnel gives vertical/lateral path errors 
• Tunnel dimensions indicate desired TF performance 

- ADP gives high-gain TF error via indicator 

- Path preview supports situational awareness 

- Display integration minimizes attention-sharing 
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OPERATOR PERFORMANCE SCORES: VSD & PGP 








SUMMARY AND CONCLUSIONS 
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Support rational design of new displays 



RANDOM THOUGHTS ON ROLE OF PILOT/VEHICLE MODELING 
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